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ABSTRACT 
Background: There are few studies that have examined how parenting practices around 
eating (PPAE) influence compliance to the dietary treatment of metabolic diseases in youth. 
Purpose: This randomized clinical trial explored the relationship between PPAE and 
compliance to a behavioral nutrition intervention program emphasizing the Dietary 
Approaches to Stop Hypertension (DASH) dietary pattern to lower blood pressure in 
adolescents with pre-hypertension or hypertension. 
Method: Participants were between the ages of 11 to 18 years, had been diagnosed with 
pre-hypertension or hypertension, and were new patients enrolled in the Hypertension Clinic 
at Cincinnati Children’s Hospital Medical Center (CCHMC). The adolescents were randomly 
assigned to either a 6-month clinic-based nutrition intervention that emphasized the DASH 
dietary pattern (DASH intervention, n=26) or to standard hospital-based nutrition guidance to 
lower blood pressure (usual care intervention, n=24). Demographics and PPAE factors were 
collected at pre-intervention from teens. PPAE factors measured related to adolescent eating 
included food rules in the home, permissive PPAE, parental modeling of healthy eating, and 
parental encouragement to eat healthy foods. All factors except food rules were measured 
with a Likert scale from 1 (high level of disagreement) to 5 (high level of agreement). A 
3-day dietary recall collected at pre- and post-intervention were used to measure dietary 
intake changes, which included changes in compliance to a DASH index score as calculated 
by Guenther et al. and changes in DASH index component scores for intake of fruits, 
vegetables, low fat dairy foods and sodium. Multiple linear regression analysis was used to 
assess the relationship between PPAE and adolescent DASH score and component scores 
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adjusted for demographic factors and BMI z-score. 
Results: There were no statistically significant differences between either group (DASH 
intervention group or usual care group) for age, gender, race, or BMI z-scores. However, the 
change in DASH score in the usual care group was significantly greater than in the DASH 
group (p<0.001). Mean changes in fruits and low fat dairy scores were significantly greater 
(p<0.001 for fruits, p<0.0001 for low fat dairy) in the usual care group compared to the 
DASH intervention group. There were no significant differences between groups for intake of 
vegetables and sodium. The parenting practice of eating healthy foods with the child was 
independently positively related to change in DASH score (estimate=2.70, p<0.05). There 
was a significant, independent positive relationship between eating healthy foods with the 
child and change in DASH low fat dairy component score (estimate=0.67, p<0.05), and a 
significant independent negative relationship between the two PPAE rules related to eating 
and allowing the teen to eat different foods at mealtime and change in DASH vegetables 
component scores (estimate= -3.0 and -0.74, respectively, p<0.05 for both). In mutually 
adjusted  regression models, there was a trend for a negative relationship between rules 
related to eating and allowing the teen to eat different foods at mealtime and change in DASH 
vegetables component score (estimate= -2.05 and -0.65, respectively, p<0.05 for both). 
Alternatively, there was a positive relationship between family members eating healthy foods 
with the child and change in DASH low-fat dairy component score (estimate=0.46, p<0.05). 
Conclusion: The DASH intervention had a positive impact on diet quality as compared with 
the usual care intervention. Parental modeling of healthy eating plays an important role in 
favorably changing adolescent diet quality. Parenting practices that engage more food rules 
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related to eating, and allow teens to eat whatever they want at mealtime may have a 
counterproductive effect on adolescent vegetable intake. 
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REVIEW OF LITERATURE 
Prevalence of hypertension in children/teens 
Hypertension (HTN) or high blood pressure is a chronic medical condition where blood 
pressure in the arteries is elevated. The Fourth Report on the Diagnosis, Evaluation, and 
Treatment of High Blood Pressure in Children and Adolescents (National High Blood 
Pressure Education Program (NHBPEP), 2004)
1
 labeled hypertension in children as 
pre-hypertension, stage 1 hypertension, and stage 2 hypertension. According to this report, a 
child is “classified as having stage 1 hypertension” if his or her systolic or diastolic blood 
pressure is higher than that of 95% of other children of similar age, weight, and height but 
lower than the 99
th
 percentile plus 5mm Hg. Stage 2 hypertension is defined in youth by a 
systolic or diastolic blood pressure above the 99
th
 percentile plus 5 mm Hg. A systolic or 
diastolic blood pressure that is considered pre-hypertensive in youth ranges from the 90
th
-95
th
 
percentile or above 120/80 mm Hg for adolescents. 
Blood pressure has been increasing in children and teens in the US at a significant rate, 
as indicated in the data from the National Health and Nutrition Examination Survey 
(NHANES, 2009)
2
. There was an increase of 1.4 mm Hg in systolic blood pressure in 
1999-2000 compared to 1988-1994 and an increase of 3.3 mm Hg in diastolic blood pressure 
over the same time period. In 2007, the prevalence of hypertension was 3.2% and the 
prevalence of pre-hypertension was 15.7% in adolescents.
3
  
What factors are associated with the high blood pressure in children/teens? 
Essential hypertension is high blood pressure with no known cause. The risk factors are 
obesity, physical inactivity and poor diet. According to the Fourth Pediatric Report (NHBPEP, 
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2004), being overweight or obese is considered one of the most important risk factors 
associated with high blood pressure in children and teens. Muntner
4
 conducted a 
cross-sectional study of children and adolescents, aged 8 to 17 years, based on NHANES data 
from 1988-1994 and 1999-2000. In this study they found an association between weight 
status and blood pressure. They found that an increase of blood pressure was partially 
attributable to an increased weight status in youth adjusted for age, race/ethnicity, and gender. 
Lo
5
 conducted a longitudinal cohort study to examine the association between weight status 
and blood pressure among 117,618 children aged 6-17 years. During 2007-2010, they found 
that the prevalence of obesity was 17.9% overall. The risk of hypertension increased as the 
degree of obesity increased after 2-3 years follow-up. 
There is evidence that physical activity improves blood pressure in obese children. A 
study from Farpour-Lambert
6
 showed that obese youth who were engaged in daily moderate 
to vigorous physical activity had lower blood pressure than children who were less 
physically active. These researchers also suggested that regular moderate to vigorous 
physical activity could reduce arterial stiffness and abdominal fat, which are two additional 
risk factors for cardiovascular disease in adulthood. A population-based longitudinal study 
from Gopinath
7
 aimed to establish the relationship between sport-related physical 
activities/sedentary behaviors (e.g., TV viewing, videogame usage, and homework) and 
changes in blood pressure for children aged 5 years. They found that children who had a 
greater change in participation in sports related physical activities from baseline to follow-up 
demonstrated significantly lower mean arterial blood pressure, 7.26 versus 9.61 mmHg 
(P=0.04). This study showed that the change in physical activity from pre- to post- 
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intervention could result in a lower blood pressure. 
Diet quality has also been shown to influence blood pressure in children and adolescents. 
A longitudinal investigation study from Shi
8
 examined the relationship between diet quality 
(salt intake and fruit and vegetable intake) and blood pressure development among 435 
healthy subjects aged 4-18 years. They found that salt intake was associated with the change 
in systolic blood pressure (p=0.06) and marginally (p=0.09) with change in diastolic blood 
pressure during puberty. A 1g/d increase in salt intake was associated with a 0.2 mmHg 
increase in systolic blood pressure. In pre-puberty, a 100g/d lower fruit and vegetable intake 
was related to a 0.4 mmHg higher blood pressure value. A study from McNaughton
9
 showed 
how eating patterns affect hypertension in children. The results of the study suggest that 
specific dietary patterns are already evident in adolescence and a dietary pattern rich in fruit, 
salad, cereals, and fish may be associated with lower diastolic blood pressure. The study 
conducted by Yuan
10
 aimed to examine the association between blood pressure and dairy 
product consumption during preadolescence (n=610, aged 8-10) in a cross-sectional study. 
Three 24-hour dietary recalls were used to collect dietary data. Linear regression models 
were adjusted for age, sex, height, physical activity level, sugar-sweetened beverages, total 
energy, calcium, sodium, and saturated fat intake, parental history of hypertension, parental 
education, weight status, and intake of fruits and vegetables. They found that high dairy 
intake (≥2 servings of dairy per day) was associated with 1.74 mmHg lower systolic blood 
pressure (p<0.05) and with 0.87 mm Hg lower diastolic blood pressure (p=0.10). They also 
found no significant association of calcium, magnesium, or potassium intake on children’s 
blood pressure. 
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Dietary approaches to manage elevated blood pressure in youth 
In the fourth Pediatric Report (NHBPEP, 2004), the recommended non-pharmacological 
approaches to reduce elevated blood pressure include: weight loss if overweight, sodium 
reduction, and a Dietary Approaches to Stop Hypertension (DASH)-type diet. A DASH-type 
diet is based on the DASH controlled feeding trial conducted in adults. This trial showed that 
a diet high in fruits and vegetables, low fat dairy products, moderate in protein and low in fat 
(the DASH diet) resulted in a significant lowering in blood pressure in as little as two weeks 
compared to a more Westernized-type diet
11
. An intervention project from Epstein
12
  
studied the determinants and consequences of adherence to the DASH-type diet in African 
American and white adults with high blood pressure. There were 144 patients who fell into 
one of three categories:  sedentary, overweight, or obese with high blood pressure. These 
patients were randomized to three groups: DASH diet alone (DASH-A), DASH diet plus 
weight management (DASH+WM), and usual diet controls (UDC). They found that 
participants in the DASH+WM and the DASH-A groups showed significant reductions in 
blood pressure compared with the UDC group. In addition, greater adherence to the DASH 
diet was associated with larger reductions in clinical systolic blood pressure and diastolic 
blood pressure (p≤.01).  
Empirical evidence also suggests that a DASH-type diet may beneficially alter blood 
pressure in youth. He
13
 studied dietary patterns of children from the cross sectional National 
Diet and Nutrition Survey in Great Britain and showed that a dietary pattern that was lower 
in salt and that contained more fresh fruits, vegetables, low-fat dairy and protein akin to the 
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DASH food plan was associated with a lower blood pressure compared to usual western 
dietary patterns. A 3-month clinic-based behavioral nutrition intervention study from 
Couch
14
 examined the relationship between a DASH-type diet and blood pressure in 
adolescents. They found that a DASH-type diet versus routine outpatient hospital-based 
nutrition care (RC) had a greater decrease in systolic blood pressure  z scores from baseline 
to post-treatment (p<0.01) and a trend for a greater decrease in systolic blood pressure  z 
score from baseline through follow-up (p=0.07). In addition, the DASH-type diet showed a 
greater increase in intake of fruit (p<0.001), potassium and magnesium (p<0.01), low fat 
dairy (p<0.001), and a greater decrease in total fat (p<0.05) from baseline to post-treatment. 
Results showed that the DASH intervention was more effective than RC in improving 
systolic blood pressure and diet quality in adolescents with elevated blood pressure. 
Factors associated with good compliance to dietary treatment in children and adolescents: 
In pediatric dietary intervention studies, one of the main factors associated with dietary 
improvement is parenting practices and parenting style related to child eating.  Parenting 
practices around eating (PPAE) may include restricting unhealthy foods from the child, 
encouraging the child to eat healthful foods, modeling healthful food behaviors in front of the 
child, and eating meals together as a family. Parenting style around eating may be described 
as authoritarian or permissive depending on how much control parents exert related to child 
eating. Permissive parenting is generally considering parenting that allows children to choose 
what, where and how much they eat, whereas more authoritarian parenting around eating 
provides children with more discipline related to eating. PPAE have been shown to influence 
children’s eating behavior, energy intake, and weight status15. Changes in children’s diet 
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quality (higher fruits and vegetables, lower sodium), energy intake and weight status may 
lead to a lowering in blood pressure, so it is important to examine parenting practices as a 
potential intervention approach to modifying blood pressure in children with hypertension.  
Some research on family meals showed parental restriction related to snacks, dessert and 
fast food may have the potential to impact adolescents' weight status and eating behavior. 
Joyce
16
 conducted a study to assess the relationships between parental restrictions and 
children’s eating and weight. Participants were 247 caregivers (94% female) and their 
children aged 4-8 years in Australia. The restriction subscale of the Child Feeding 
Questionnaire
17
 was used to measure parental restriction related to child eating. Findings 
show that restriction was found to be directly associated with children’s body mass index 
(BMI) z score. Evidence shows that parental restriction could also impact child eating 
behaviors. A cross-sectional study from Rodgers
18
 examined the relationships among 
maternal feeding practices, child weight gain and obesogenic eating behaviors in 2-year- old 
children. In this study, there were 323 mothers and their children (mean age= 2.03 years). 
Mothers took a questionnaire to assess parental feeding practices and child eating behaviors 
at baseline and again one year later. They found weight-based restriction and fat restriction 
were prospectively associated with children’s eating behaviors and weight status.  
Many studies have examined the association between parental styles and child weight 
status. The systematic review study by Ventura
15
 assessed the association between different 
combinations of parenting styles, child eating and child weight variables. A total of 66 
published articles from Medline, PsychINFO, and ProQuest databases were included. This 
review suggests that there is substantial experimental evidence identifying parenting as an 
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important mediator of child eating. Cross-sectional studies showed associations between 
parenting and child weight. A study by Johnson
19
 used Baumrind's parenting typologies 
(authoritative, authoritarian, and permissive) to test the association between parental styles 
and childhood obesity In this study, parenting behaviors were assessed with the Parenting 
Styles and Dimension Questionnaire (PSDQ), a 58-item survey that categorizes parenting 
practices into three styles: authoritative, authoritarian, and permissive. Parent perceptions of 
the home obesogenic environment were assessed with the Family Nutrition and Physical 
Activity (FNPA) instrument, a 10 item instrument that has been shown in previous research to 
predict risk for overweight. These researchers found that FNPA score was significantly 
positively associated with scores on authoritative parenting scale (r=0.29) but significantly 
negatively associated with scores on the authoritarian scale (r=-0.22) and permissive scale 
(r=-0.20). Permissive parenting was significantly positively associated with BMI z score. 
More recently, Berge
20
 showed that co-occurrence of various parenting characteristics 
including authoritative parenting and lack of parental support and modeling of physical 
activity and healthy eating were associated with higher BMI in children. Also, data from 
Project EAT (eating among teens), a population-based study of 4746 diverse adolescents, 
showed that the co-occurrence of an authoritarian mother and neglectful father was associated 
with higher BMI for sons; higher BMI for daughters was associated with a neglectful father. 
Parent modeling is another factor associated with children's dietary intake. Because children 
model themselves on their parents' behaviors, attitudes and lifestyles, parents that model 
healthful eating and lifestyle behaviors can play a role in promoting healthful children's 
eating attitudes and nutritional habits. Studies show that parental modeling could affect 
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children’s body mass index (BMI). Data from Project EAT showed that a lack 
of parent modeling (neither mother or father) of healthy eating and physical activity 
behaviors, was associated with higher BMIs for sons; incongruent parental modeling (fathers 
or mothers but not both) of healthy behaviors was associated with higher BMIs in daughters. 
Many studies have examined the relationship between parental modeling and children’s 
physical and eating behaviors. For instance, Pearson
21
 conducted a cross-sectional study to 
examined associations between parental modeling and support and children’s physical 
activity and consumption of fruit and vegetables, and combinations of these behaviors. There 
were 775 Australian children aged 10-12 who participated. They found parental modeling 
was associated with children’s physical and eating behaviors. High physical activity modeling 
was positively associated with high physical activity and fruits and vegetables consumption 
among both boys and girls. Specifically, girls whose parents reported high physical activity 
modeling had higher odds of consuming fruits and vegetables every day (OR= 1.95, 95% 
CI=1.32-2.87, p<0.001).  
Several studies have reported a relationship between parent encouragement and 
children’s eating behavior. Vereecken22 conducted a cross-sectional study to explore the 
impact of general parenting style and food-related parenting practices on children’s eating 
behavior, and found that parent encouragement was positively related to children’s eating 
behavior. Sixth graders (n=1957) from 69 of 100 randomly selected elementary schools in 
Belgium participated. Their parents gave consent and completed questionnaires on 
socio-demographic characteristics, general parenting styles (authoritarian, authoritative, 
indulgent, or neglecting) and eating related parenting practices (pressure, encouragement et 
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al.). One of the findings showed that the food-related parenting practice “encouragement 
through negotiation” had a significant positive impact on child diet quality.  For example, 
the construct “my child has to at least taste something, even if he/she does not like it” was 
related to an increased likelihood of daily consumption of vegetables (OR= 1.23; 95% CI, 
1.04-1.45). The study by Gross
23
 showed that encouragement through support for children’s 
food preferences for fruit and vegetables (FVs) could increase consumption of these foods. 
The objective of the study was to assess social and family influences on FVs consumption of 
fourth- and fifth-grade students (n=158, 82 fourth-graders and 76 fifth-graders). They found 
“students who reported always shopping with their parents for their favorite FV had higher 
average daily FV consumption compared to those did not shop with their parents (2.1vs 1.1 
FVs per day).” Taken together, these studies show that parent encouragement can favorably 
affect children’s eating behavior. 
Gaps addressed by the current study 
While there is some evidence to suggest that PPAEs influence children’s eating behavior 
and diet quality, how PPAEs relate to therapeutic dietary compliance to manage health 
problems such as obesity and high blood pressure has not been ascertained. The study 
proposed in this thesis will address this gap. Specifically, this study will examine whether 
parenting practices that involve home food rules, permissive practices, parent modeling and 
encouraging a teen to eat healthful foods are related to compliance to a therapeutic diet (the 
DASH diet) to manage hypertension among teens with elevated blood pressure. Findings 
from this study will inform the design of future intervention trials to address home 
environmental factors that may favorably impact dietary intake and the health status of at risk 
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youth.   
Purpose 
This study will address the following research question: How do PPAEs increase 
adolescents’ compliance to the DASH diet? Do adolescents from homes in which parents 
engage in the use of food rules, diet-related modeling, and encouragement to eat healthful 
foods show greater improvement in their diet quality and compliance to a DASH diet versus 
those teens whose parents do not engage in these PPAEs? 
Our major research hypothesis is that: adolescents whose parents engage in use of the 
PPAEs as mentioned above will show greater improvement in their diet quality and 
compliance to a DASH diet versus those teens whose parents don’t engage in these practices. 
METHODS 
Participants 
The study was based on the DASH-4-Teens clinical trial conducted between February 
2008 and September 2012. Inclusion criteria for the study were as follows: participants had to 
be between the ages of 11 to 18 years with diagnosed pre-hypertension or hypertension. They 
also had to be newly admitted to the Cincinnati Children’s Hypertension Center (CCHC). 
Pediatric pre-hypertension was defined as an average systolic blood pressure (SBP) or 
diastolic blood pressure (DBP) ≥90th percentile and <95th percentile for age, gender, and 
height, which was based on the criteria established by the Fourth Pediatric Report on 
Hypertension (National High Blood Pressure Education Program, 2004). Hypertension was 
defined as an average SBP or DBP ≥95th percentile but <99th percentile + 5 hmm Hg based 
on gender, age, and height, as measured on 3 or more occasions. Participants were 
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randomized to the 24-week DASH-4-Teens intervention group (DASH, n= 26) and the Usual 
Care group (UC, n=24).  
Exclusion criteria for the study were as follows: stage 2 hypertension status, 
secondary hypertension, use of anti-hypertensive medications, prior exposure to formal 
dietary therapy to manage BP, target organ damage, and diagnosed type 1 or 2 diabetes, 
eating disorders, and psychological or medical conditions.  All participants were English 
speaking. Informed consent forms and parental permission forms were signed prior to 
participation for adolescents less than 18 years of age. Adolescents 18 years and older signed 
informed consent forms before the study. This study was approved by Cincinnati Children’s 
Hospital Medical Center (CCHMC) Institutional Review Board and the University of 
Cincinnati Institutional Review Board. 
Intervention 
 The DASH intervention aimed to sustain a healthy eating pattern to lower blood pressure. 
The DASH dietary pattern emphasized in the intervention was characterized as a high intake 
of fruits, vegetables, fish, nuts and whole grains, and a low intake of fats, sweets, and salt.
24
 
In this study, the DASH intervention group received a behaviorally based curriculum to 
promote adherence to the DASH dietary pattern. This curriculum included recommendations 
of calorie levels and food serving sizes based on participants’ gender and age. For instance, 
older teens had a higher recommendation for fruit and vegetable servings per day than 
younger children.  Adolescents also were counseled to decrease fat and sodium by limiting 
“DASH unfriendly foods”.  The definition of “DASH unfriendly” was any food with >3 
grams of fat and >480mg of sodium per serving. In addition, behavioral strategies such as 
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food monitoring, goal setting, problem solving, and long-term maintenance were 
incorporated with the DASH diet to achieve the final dietary DASH goals. 
  Over the 24-week intervention, the DASH group participated in two individual 
counseling sessions (at baseline and at 12weeks) and in 15 telephone conversations (weekly 
for weeks 2-10, then bi-weekly). The telephone conversations were conducted by a registered 
dietitian (RD) and were designed to teach behavioral strategies to enable the adoption of the 
DASH dietary pattern. Mailings were sent to participants to review the topics discussed in 
telephone conversations such as meal planning. DASH subjects were asked to keep track of 
all foods and beverages consumed for 5 out of 7 days each week and were provided with food 
tracking forms for this task. The food tracking forms required the teen to record the numbers 
of servings of fruits, vegetables, and DASH unfriendly foods eaten each day. Each DASH 
teen was offered an incentive of $2 per goal met (4 possible each week) over the 24-week 
intervention (maximum $192). The food trackers were used to promote participants’ 
compliance with the DASH diet and with meeting their DASH goals. This information was 
not included in the outcomes analysis. 
In contrast, the Usual Care group had two individual counseling sessions (at baseline and 
at 12 weeks) provided by a registered dietitian. The Usual Care group was provided with 
nutrition counseling that did not differ from the standard nutrition education given to all 
hypertensive patients at the CCHC. This counseling was based on the recommendations by 
Fourth Pediatric Report on Hypertension (NHBPEP, 2004). A booklet, called Your Guided to 
Lowering Blood Pressure, was used to provide suggestions for reducing intake of fat and 
sodium while increasing intake of fruit and vegetables and moderating calories (US 
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Department of Health and Human Services, National Institutes of Health, National Heart, 
Lung, and Blood Institute, 2004). Behavioral skills and strategies were not individualized. 
Outcome Measures: Demographic and Anthropometric 
Participants’ age, gender and ethnicity was based on self-report and collected at the 
baseline visit. Height and weight were measured using a wall-mounted stadiometer and 
calibrated triplebeam balance scale by trained nurses at baseline and 6 months at the CCHC. 
Body mass index (BMI) was calculated as weight in kilograms divided by the square of 
height in meters. Centers for Disease Control growth charts were used to calculate BMI 
z-scores. 
Outcome Measures: Dietary 
Dietary intake data was collected randomly using three 24-hour recalls over a two week 
time period at both baseline and six months. The telephone interviews were performed by 
trained dietitians from the Cincinnati Center for Nutrition Research (CCNR) at CCHMC. 
They analyzed the data using the Minnesota Nutrient Data Systems (NDS) software (2012).  
The DASH Score 
A DASH Score was calculated for pre-intervention and post-intervention using the data 
of averages for nutrients and food servings from three 24-hour dietary recalls. The DASH 
score developed by Guenther et al (2009) was used for this determination. This score was 
calculated as the sum of 9 component scores based on daily intake of grains, vegetables, 
fruits, dairy, meat/poultry/fish/eggs, nuts/seeds/legumes, fats/oils, sweets and sodium. To 
calculate the component scores, the adolescent’s intake was compared against food goals 
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established according to age, gender and energy level in the Dietary Guidelines for 
Americans (USDA, 2010), and the DASH Collaborative Research Group (Karanja et al, 
1999). A sedentary activity level was used for these calculations based on the 
recommendations of the Institute of Medicine (2005). A maximum DASH Score for each 
component was 10, which was achieved for meeting the food intake recommendation, 
whereas lower intakes were scored proportionately. The grain and dairy component scores 
were divided into 2 components: total grains and whole grains and total dairy and low-fat 
dairy. For each of these components, the maximum score was 5.  An overall DASH Score 
was calculated, which ranged between 0 and 90, with a higher score indicating a higher diet 
quality. 
Parent-child Feeding Style Questionnaire  
Participants completed the parent-child feeding style questionnaires at baseline. All 
survey items for the questionnaire were derived from published scales. One scale from the 
Active Where Parent-Child Survey
25
 (6 items) related to parents’ rules around eating and 
screen time and included no dessert until plate is cleaned, no TV during meal times, no 
snacks before dinner, limited fast food, no high fat snacks, and limited daily screen time. Two 
scales (each 1 item)
 26
 related to permissive parenting around eating and included being 
allowed to eat different foods at mealtime and being allowed to eat fruits and vegetables 
anytime. Another two scales (each 1 item)
 27
 related to parents modeling healthy food 
practices including parents eating fruits and vegetables every day at home and family 
members eating healthy foods with their teen. The final two scales (1 item each)
 27
 assessed 
parental encouragement for healthy eating and included teen encouragement to eat healthy 
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foods and teen praise for eating healthy foods. A five point Likert scale, with a range from 1 
(strongly disagree or never) to 5 (strongly agree or frequently) was used for the questionnaire 
items, with the exception of the questions regarding parent rules around eating. The food 
rules were scored as 1 (yes), 2 (sometimes) and 3 (no), where lower scores indicated more 
rules. For scales with more than one item, mean scores were generated. 
Statistical Analysis 
     Subjects included in these analyses were study completers (those with baseline and 
post-treatment, e.g., 6-month data).  Means and standard deviations were derived at baseline 
and post-treatment for continuous variables and frequencies for categorical variables. 
Distributions of the residuals were checked for normality assumptions and based on these 
findings, DASH component scores for fruits, vegetables, low fat dairy, and sodium were 
determined to be non-normally distributed.   Scores that were not normally distributed were 
log-transformed for subsequent statistical analyses. Independent sample t-tests were used to 
compare intervention groups for continuous baseline subject characteristics and change in 
DASH score and DASH component scores (post-treatment –baseline);  chi-square tests were 
used to determine group differences for baseline categorical subject characteristics, and the 
Wilcoxon Rank Sums Procedure was used to compare intervention groups for change in 
DASH component scores. Mixed effects models were used to assess independent and 
mutually adjusted relationships between change in DASH score and intervention, and the 
non-parametric test QUANTREG was used to assess the relationships between changes in 
DASH component scores and intervention.  Final models were adjusted for age, gender, race, 
intervention group and BMI z-score. Statistical analyses were performed with SAS software 
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(version 9.2, SAS Institute, Cary, North Carolina.  P values <0.05 were considered to be 
statistically significant.  
RESULTS 
Participant Characteristics 
The results in Table 1 compare participant characteristics by group at baseline.  Findings 
show that there were no statistically significant differences between groups for age, gender, 
race, or BMI z-scores at baseline. 
 
Table 1: Characteristics of Study Participants at Baseline 
 
DASH Group 
N=26 
Usual Care Group 
N=24 
Age, yrs. 
Mean ±SD 
14.85 ± 2.26 14.29 ± 2.29 
Gender, % 
Male/Female 
58/42 63/37 
Race, % 
White/Other* 
58/42 58/42 
BMI z score, 
Mean ± SD 
1.81 ± 0.69 1.59 ± 0.89 
*Other = African American and Asian 
 
Mean changes in DASH Score and Component Scores  
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The results in Table 2 show changes in DASH score and DASH component scores by group. 
Findings show a significantly greater change in DASH score in the DASH intervention group 
compared to the Usual Care group (p< 0.05). The mean changes in fruit and low fat dairy 
scores were significantly greater (p<0.05 for fruit, p<0.01 for low fat dairy) for the DASH 
group compared to the Usual Care group. There were no significant differences between 
groups for vegetable and sodium scores.  
 
Table 2: Change in DASH Score and DASH Component Score
a 
Overall Score and 
Component 
Scores 
Change in DASH 
(Post-treatment-Baseline) 
Change in Usual Care 
DASH 11.68 ± 13.8 -2.37 ± 10.17 * 
Fruit 3.78 ± 3.57 -0.05 ± 3.50 * 
Vegetables 2.27 ± 2.49 1.48 ± 4.08 
Low Fat Dairy 1.81 ± 1.91 -0.39 ± 1.57 ** 
Sodium 0.47 ± 5.39 -1.37 ± 3.87 
a
 Score range for DASH score is 0-90 with higher score indicating greater compliance to the DASH dietary 
pattern; Scores for DASH fruit, vegetable and sodium component scores range from 0-10, and scores for DASH 
low fat dairy component range from 0-5 with higher score indicating a greater degree of compliance to 
recommended DASH servings for these nutrients/food groups. P values reflect significance of group differences 
from baseline to post-intervention; *p<0.05, **p<0.01 
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Parent Practices around Eating Factors (PPAE) in Relation to Change in DASH Score 
and DASH Component Scores 
Tables 3-5 show the relationships between PPAE scales and change in DASH score, DASH 
fruit and DASH low fat dairy score. As shown in Tables 3 and 5 there was a significant 
positive relationship between the PPAE family members eating healthy foods with the teen 
and change in DASH score (estimate= 2.70, p<0.05) and low fat dairy score (estimate= 0.67, 
p<0.05). No other PPAE scales were significantly related to DASH score, DASH fruit or low 
fat dairy component score (Tables 3-5). 
 
Table 3: Independent Associations between change in DASH score of Parent Practices 
Around Eating 
 Change in DASH score 
Parent Practices around 
Eating Factor 
Estimatea Standard Error 
Home rules related to 
eating 
-4.60 3.55 
Allowed to eat different 
foods at meals 
-0.92 1.08 
Allowed to eat fruits and 
vegetables anytime 
1.08 1.91 
Parent eats fruits and 
vegetables every day 
1.38 1.35 
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Family members eats 
healthy foods with child 
2.70 * 1.08 
Child encouraged to eat 
healthy foods 
1.81 1.50 
Child praised for eating 
healthy foods 
1.44 1.05 
a
Adjusted for adolescent age, gender, race, intervention group and BMI z-score; 
* 
p<0.05 
 
 
Table 4: Independent Associations between Change in DASH Fruit Component Score 
and Parent Practices Around Eating 
 Change in DASH Fruit Component Score 
Parent Practices around Eating 
Factor 
Estimatea Standard Error 
Home rules related to eating -0.21 0.96 
Allowed to eat different foods at 
meals 
0.06 0.29 
Allowed to eat fruits and 
vegetables anytime 
0.65 0.50 
Parent eats fruits and vegetables  
every day 
0.30 0.37 
Family member eat healthy foods 0.19 0.30 
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with child 
Child encouraged to eat healthy 
foods 
0.04 0.41 
Child praised for eating healthy 
foods 
-0.16 0.27 
a
Adjusted for adolescent age, gender, race, intervention group and BMI z-score  
 
Table 5: Independent Associations between Change in DASH Low Fat Dairy 
Component Score and Parenting Practices Around Eating 
 Change in DASH Low Fat Dairy Component Score 
Parent Practices around Eating 
Factor 
Estimate
a
 Standard Error 
Home rules related to eating -0.25 0.53 
Allowed to eat different foods at 
meals 
0.08 0.16 
Allowed to eat fruits and 
vegetables anytime 
0.07 0.28 
Parent eats fruits and vegetables 
everyday 
0.06 0.20 
Family member eat healthy foods 
with child 
0.67
*
 0.30 
Child encouraged to eat healthy 0.05 0.22 
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foods 
Child praised for eating healthy 
foods 
0.03 0.15 
a
Adjusted for adolescent age, gender, race, intervention group and BMI z-score; 
* 
p<0.05 
 
Table 6 shows that home rules related to eating and being allowed to eat different foods at 
mealtime (e.g., short-order cooking) were significantly negatively related to changes in the 
DASH vegetable component scores at the p<0.05 levels. No other PPAE scales were related 
to the DASH vegetables component score and no PPAE scales were independently related to 
the DASH sodium component score (Table 7). 
 
Table 6: Independent Associations between Change in DASH Vegetables Component 
Score and Parenting Practices Around Eating 
 Change in DASH Vegetables Component Score 
Parent Practices around Eating 
Factor 
Estimate
a
 Standard Error 
Home rules related to eating -3.00* 0.82 
Allowed to eat different foods at 
meals 
-0.74* 0.26 
Allowed to eat fruits and 
vegetables anytime 
-0.09 0.52 
Parent eats fruits and vegetables 0.28 0.37 
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every day 
Family member eat healthy foods 
with child 
0.13 0.32 
Child encouraged to eat healthy 
foods 
0.57 0.41 
Child praised for eating healthy 
foods 
-0.001 0.29 
a 
Adjusted for adolescent age, gender, race, and BMI z-score; *p<0.05 
 
Table 7:  Independent Associations between Change in DASH Sodium Component 
Score and Parenting Practices Around Eating 
 Change in DASH Sodium Component Score 
Parent Practices around Eating Factor Estimate
a
 Standard Error 
Home rules related to eating -0.27 1.29 
Allowed to eat different foods at meals -0.01 0.39 
Allowed to eat fruits and vegetables 
anytime 
0.34 0.73 
Parent eats fruits and vegetables every 
day 
0.15 0.53 
Family member eat healthy foods with 
child 
0.30 0.45 
Child encouraged to eat healthy foods 0.76 0.58 
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Child praised for eating healthy foods 0.16 0.42 
a
Adjusted for adolescent age, gender, race, and BMI z-score; 
╪ 
p<0.05 
 
Table 8 shows the results of regression models mutually adjusted for all PPAE scales. 
Findings indicate a negative relationship between home rules related to eating, being allowed 
to eat different foods at meals and change in DASH vegetables component score (p<0.05). 
There was a trend of a positive relationship between family members eat healthy foods with 
the child and change in DASH low fat dairy component score. 
 
Table 8:  Mutually-adjusted associations between Change in DASH Score and DASH 
Nutrient Component Score and Parenting Practices Around Eating 
 Change in 
DASH Score 
DASH Fruits 
Component 
Score 
DASH Low Fat 
Dairy 
Component 
Score 
DASH 
Vegetables 
Component 
Score 
DASH Sodium 
Component 
Score 
 Mutually-adju
sted 
associations 
Mutually-adjust
ed associations 
Mutually-adjust
ed associations 
Mutually-adjust
ed associations 
Mutually-adjust
ed associations 
Parent 
Practices 
around 
Eating 
Estimate 
 (SE) 
Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 
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Factor 
Home rules 
related to 
eating 
-3.08(4.18) -0.73(1.12) -0.60(0.61) -2.05(1.00)
 *
 0.20(1.65) 
Allowed to 
eat different 
foods at 
meals 
-0.46(1.35) 0.28(0.37) 0.24(0.19) -0.65(0.32)
 *
 0.18(0.54) 
Allowed to 
eat fruits 
and 
vegetables 
anytime 
-0.05(2.06) 0.80(0.57) 0.17(0.29) -0.52(0.50) -0.04(0.81) 
Parent eats 
fruits and 
vegetables 
every day 
1.12(2.05) 0.36(0.59) -0.04(0.30) 0.03(0.51) -0.78(0.85) 
Family 
member eat 
healthy 
foods with 
2.45(1.59) 0.51(0.44) 0.46(0.24)
 *
 0.28(0.39) -0.06(0.64) 
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child 
Teen 
encouraged 
to eat 
healthy 
foods 
-1.31(2.50) -0.61(0.68) -0.26(0.37) -0.46(0.10) 1.56(1.04) 
Teen 
praised for 
eating 
healthy 
foods 
0.50(1.33) -0.29(0.36) -0.10(0.19) -0.41(0.32) -0.07(0.54) 
a
Adjusted for adolescent age, gender, race, intervention group and BMI z-score; 
* 
p<0.05 
DISCUSSION 
This ongoing randomized clinical trial explored the relationship between PPAE and 
change in dietary quality as measured by DASH score and DASH component scores among 
adolescents with elevated blood pressure. A major finding of this study was that the DASH 
intervention had a positive impact on diet quality as measured by DASH score as compared 
with the Usual Care intervention. Given that adherence to a DASH diet may favorably impact 
blood pressure in youth
24, 14
, this finding suggests that a clinic-based behavioral nutrition 
intervention emphasizing the DASH dietary pattern shows promise as a blood pressure 
lowering treatment program for adolescents with pre-hypertension and hypertension.  
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Another major finding was that there were several PPAE factors related to change in 
overall DASH score DASH vegetable score, and low fat dairy score. In particular, having 
family members model healthful eating behavior by eating fruits and vegetables with the teen 
had a positive impact on adherence to a DASH dietary pattern. This finding is in line with 
others
23, 29
, and suggests that encouraging families to eat healthful foods together should be 
emphasized as an important strategy to help adolescents comply with the DASH diet for 
blood pressure management. 
The results of this study also showed a negative relationship between the vegetable 
component score and permissive parent practices related to eating, such as being allowed to 
eat different foods at meals. Indulgent parenting around eating may not benefit diet 
management in children and adolescents. Similar findings from Hennessy
30
 show that 
permissive parental feeding behavior was associated with an increased intake of 
low-nutrient-dense foods (r=0.3; p<0.001) among children. Thus, more authoritative 
behaviors at mealtime, such as having the teen eat what the rest of the family eats at dinner 
may increase vegetable consumption.  Food rules related to eating, such as there is no 
dessert until plate is cleaned, no snacks before dinner, and limitation of fast food, show a 
significant negative relationship with vegetable component score. Rules were measured with 
1 for yes, 2 for sometimes, 3 for no, with lower scores equaling more rules. This study found 
that more rules (lower scores) was related to a higher intake of vegetables.  Therefore, this 
study suggests that more rules and less permissive parenting at mealtime could improve diet 
quality, at least when it comes to eating more vegetables. This study supports finding from a 
recent study by Couch
28
 that showed that parental enforcement of allow/limit rules on 
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snacking type, place and size was associated with higher diet quality as measured by DASH 
score. Interestingly, Stok
31
 showed that restrictive rules induced psychological resistance for 
change and led to greater unhealthy food consumption among teens, compared to rules that 
were more suggestive in nature. Other experimental study
32
 showed that higher levels of 
allow/limit rules on child eating had a negative influence on healthy food consumption and 
were association with higher child weight. Therefore, different levels and type of parental 
rule enforcement on eating may affect children’s food consumption differently.  
There was a significant relationship between family members eating healthy foods 
with the teen (parent modeling) and the DASH low fat dairy component score. This finding 
suggests that parent modeling may play an important role in improving diet quality and low 
fat dairy consumption. A study from Nansel
33
 found that parent modeling of healthful food 
behaviors (β=.27, p=.02) and attitudes toward healthful eating had direct effects on youth diet 
quality. In that study parent modeling accounted for 20% of the variance in child diet quality. 
Couch
28 
also found that home food environment models that included parent modeling and 
encouragement explained 21% of variance in DASH score among children 6-11 years of age. 
Therefore, this parenting strategy may be an important factor to consider in diet therapy 
programs for youth. Strengths of this study include the following: the intervention design 
(randomized clinical trial); use of PPAEs from previously published scales that had been 
validated for adolescents; three day dietary recall collected by trained registered dietitians; 
and regression models adjusted for important factors that may influence diet quality. All of 
these factors speak to the strength of the design of this study, which could lower measurement 
error of study data.  One of the limitations of this study is the small sample size, as it 
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decreases the ability to detect significant differences between groups. Another limitation is 
that there was no long-term follow-up dietary data on individuals, making it difficult to detect 
the long-term effect of parent-child feeding strategies of diet. Finally, this study was based on 
the self-report of adolescents, which could cause bias in the truthfulness of these data and 
skew the results. 
Different PPAEs may impact diet quality of adolescents. Findings of this study show 
that parent’s use of food rules at mealtime and modeling healthful eating behaviors were 
related to measures of dietary quality in teens. Indulgent parenting at mealtime could lower 
vegetables intake of adolescents. Good mealtime modeling including eating healthy foods 
with children and adolescents was related to overall healthful diet quality, and in particular 
had a positive impact on low fat dairy consumption. This study suggests that some PPAEs 
may be a useful addition to intervention strategies to help adolescents improve their diet 
quality toward better health.    
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